Several traffic modelling tools are currently available for evacuation planning and real-time decision support during emergencies. In this article, we review potential traffic modelling approaches in the context of Wildland-Urban-Interface (WUI) fire evacuation applications. An overview of existing modelling approaches and features are evaluated pertaining to: fire-related, spatial and demographic factors, intended application (planning or decision support), and temporal issues. This systematic review shows the importance of the following modelling approaches: dynamic modelling structures, considering behavioural variability and en-route choice; activity-based models for short-notice evacuation planning; macroscopic traffic simulation for real-time evacuation management. Subsequently, the modelling features of twenty-three traffic models and applications currently available in practice and the literature are reviewed and matched with the benchmark features identified for WUI fire applications. Based on this review analysis, recommendations are made for developing traffic models specifically applicable to WUI fire evacuation, including possible integrations with wildfire and pedestrian models. 
INTRODUCTION
Fires propagating near urban areas may often result in vehicle evacuations (Westhaver, 2017) . Traffic modelling 1 may be important for both evacuation planning and real-time emergency management (Chiu et 
18
Given gaps in existing understanding, a multi-disciplinary research project has been initiated to specify a simulation 19 system aimed at quantifying the WUI fire evacuation performances, considering pedestrian, fire and traffic 20 components (Ronchi et al., 2017) . This study presents the traffic component, starting from the review of existing 21 WUI fire evacuation traffic modelling approaches. Factors potentially influencing the WUI fire evacuation process 22 (Stewart et al., 2017) are then considered. For instance, communities including WUIs can be very different in terms 23 of dimensions and population density (Wolshon and Marchive, 2007) : the larger the affected area, the likely greater 24 are evacuating traffic volumes (Southworth, 1991) . Moreover, the area actually affected by the fire over time and the 25 5 traffic evacuation process itself depend on many factors such as fire type, vegetation, topography, environment (fuel 26 load, wind, temperature, etc.) (Wolshon and Marchive, 2007) .
27
As a result of the review conducted, the suitability of different modelling approaches is proposed for different WUI 28 fire evacuation scenarios and applications. Conclusions concerning WUI fire traffic evacuation modelling needs are 29 then drawn, also highlighting current research gaps.
30

REVIEW STUDY: METHODS AND GOALS
31
In this section, the methods used for the review conducted and the goals of the review study are presented, starting 32 from the reasons behind the conception of this article, and its contribution to the state of the art. high-rise buildings (Ronchi and Nilsson, 2013) , where several reviews exist.
44
The contribution of this article is not just to produce a systematic review of previous research in the field of traffic 45 evacuation modelling in case of wildfires/WUI fires, but may also help practitioners and developers of WUI-specific 46 traffic evacuation models/applications, who may directly consider the discussion concerning the most suitable 47 approach to be used for each modelling step. For this aim, a consistent review methodology was used, explained as 48 follows.
49
6
General review methodology
51
The framework used for the review is a four-steps modelling approach, generally applied to transport modelling 52 (Cascetta, 
54
The review of existing traffic modelling approaches conducted here was then split into the two main stages 55 composing the four-steps approach: travel demand modelling and traffic assignment. These two stages are then 56 further divided into several steps. The modelling approaches adopted for each step can be different or integrated 
62
For each modelling stage/step, the most appropriate approaches to be used for a WUI fire traffic evacuation model 
68
The review conducted covered areas where WUI fire evacuation-specific literature was scarce or even unavailable.
69
In this case, studies for other comparable hazards were considered, where the findings may still be relevant for WUI 70 fires. For example, there are several studies in the field of hurricane evacuation modelling, which may be relevant, 71 since hurricanes may be similar to wildfires in terms of both time and spatial scales compared to other types of 72 disasters (see Wang et al., 2016) . Therefore, hurricane evacuation studies may act as sources, due to the large 73 quantity of real physical and behavioural data collected (see e.g. the early study by Baker, 1979 Baker, , 1991 
77
The transferability of evacuation modeling research outputs from the case of short-notice crisis due to generic 78 hazards to the case of long-notice disasters was also considered, if relevant. In fact, research studies in short-notice 79 crises (e.g. fire evacuation in buildings, see Kobes et al., 2010 ; and transportation systems, see Fridolf et al., 2013, 
80
such as metros and tunnels) provides a series of theories that can be useful to explain behaviours in disasters with 81 more notice such as WUI fires. These studies were discussed in the appropriate sections, according to the specific 82 simulation step of evacuees' behaviour to which they are referred.
84
Aims of the review study
85
The systematic review of previous research is structured according to the four-steps of the traffic modelling 86 procedure, with the aim of presenting the most suitable approaches and features for WUI fire evacuation for each 87 modelling step. Secondly, the identified benchmark modelling approaches and features were examined in some of 88 the most widespread traffic modelling applications, to test their potential applicability for a WUI fire evacuation 89 scenario.
90
The strategy used for this review study has different goals, and is as follows:
91
• Define the state-of-the art of the research in the field of traffic modelling evacuation in case of WUI fires;
92
• Suggest possible practical modelling solutions (i.e. approach to be used for a specific modelling problem 93 and/or factors to be considered) for traffic modelers who should simulate WUI fire evacuation scenarios;
94
• Provide a possible benchmark structure for the development of a future integrated traffic modelling 95 framework specifically dedicated to WUI fires, based on the most suitable approaches and features 96 highlighted for each modelling step;
97
• Provide an overview of some existing software applications/modelling structures, in respect to their 98 applicability to WUI fire evacuation scenarios, useful for addressing both researchers and practitioners to 99 future studies/applications including simulations in this field.
100
Hence, this study may be beneficial to researchers and practitioners in: 1) the short-term dissemination of 
175
There are a number of existing theories and models of evacuee behavior that might also 
184
The number of trips for each time interval is estimated by multiplying the population, the participation percentage 185 obtained from the binary logit (stay/evacuate), and the specific time-interval departure percentage from the S-curve.
186
Another solution could be an integrated approach, with a binary logit sequentially repeated over time, considering 187 the evolution of the response and the utility of evacuating (Pel et al., 2012) . This could allow to dynamically 188 consider the fire propagation and its effect on users' choices (not relying on S-curves). 
215
Two different modelling strategies can be used for the distribution step, namely descriptive and random utility 216 methods.
217
Among the descriptive methods, gravity models are mostly used for evacuation (Pel et 
226
Random utility models, such as multinomial logit models, are usually employed at the distribution stage to simulate 227 the choice of destinations (shelters, safe places), according to their associated utility (Cascetta, 2009 
261
The main approaches suitable for WUI fire evacuation modelling are descriptive, random utility and activity models.
262
Descriptive models estimate the probability of choosing a mode in a given time period, given its generalized cost.
263
Random utility models estimate the probability to use a given mode in different manners, e.g., through 264 multinomial/nested logit models (see Figure 3) 
268
(2014) to model mode choices in the case of a hypothetical major hurricane evacuation. They found that special 269 evacuation buses may be a consistent choice among evacuees -a finding which may be useful should it be 270 transferrable to WUI fire evacuations.
271
Random utility models simulating the mode choice can also be nested with other travel demand steps (e.g.
272
destination/modes). Nested structures of random utility models could be used as well for the activity-based 
278
Activity models mainly use microsimulation for individual mode choices, and probabilistic approaches, e.g., Monte
279
Carlo methods (Castiglione et al., 2015) . Choices are predicted considering explanatory variables for individuals
280
(and not for a population, as usual), but several simulation repetitions are needed to achieve convergence. The 281 information needed for developing activity models could be obtained through post-WUI fire evacuation surveys.
282
The choice of the most appropriate model is influenced by the need for considering multi-modality (Van der Gun et 283 al., 2016). In fact, both private and public modes of transport might be used and the fire (and its evolution over time) 
287
In sum, activity models may be applied only given the availability of sufficient data. Descriptive and random utility 288 methods could be used for both evacuation planning and real-time management, mainly due to their lower 289 computational needs. An activity-based approach can still be pursued, by adapting random utility models through 290 nested structures. The modal split sub-models of the descriptive and random utility approaches should be possibly
291
coupled with wildfire models (similarly to trip distribution), taking into account the progressive modal elimination 292 due to the fire spread.
294
Traffic assignment for WUI fire evacuation
295
Different levels of refinement and strategies can be used for traffic assignment in WUI fire evacuation scenarios.
296
These include a strategy for modelling the chosen routes, tools for simulating the network flows, and interactions 297 between evacuees.
298
The possibility of considering traffic variations over time (static or dynamic approach) is another important 299 modelling question. A static assignment will generally rely on loading a typical peak-hour OD matrix into the 300 network. In a dynamic approach, the traffic loading and users' route choices are variable over time instead.
301
Previous studies argued that the static approach is inappropriate for modelling traffic evacuations (Pel et al., 2012;  302 Van 
338
Typically, the utility of routes depends on their cost, mostly based on travel time, even if tolls could mostly be 339 disregarded during evacuations. Stochastic algorithms for performing the network loading under the UE condition 340 are generally adapted from the deterministic case, achieving convergence as well (Sheffi, 1985) .
341
Additional to these DTA variants, the dynamic recourse assignment can take into account when travellers instead 
347
From a modelling perspective, an optimal destination can be set individually or globally before the trip starts
348
(pre-trip choice): designated shelters, house of friends/relatives, hotel/motel. Evacuees will tend to reach them 349 through familiar routes, potentially preferring motorways (Chiu and Mirchandani, 2008 
368
On the other hand, the need for a deterministic approach may arise while using system optimization (SO)
369
techniques, aiming at achieving the minimum cost for road users. In a planning stage, a SO approach will suggest to 370 authorities the optimal routes to be prescribed (e.g. through intelligent transport systems) in order to minimize total 
378
2) The true evolution of WUI fires can be faster or different compared to the simulated scenario.
379
Hence, for real-time evacuation management, even if the SO approach was used in a planning stage, real-time 
404
Population may be influential since a highly populated zone will more likely be associated with a higher share of 
20
The modelling approach for representing background traffic largely depends on the travel demand approach chosen.
411
If an activity-based approach was selected, then it can be used for assessing the background traffic, thus likely being 412 more accurate. Otherwise, the estimate may be based on a worst-case scenario through peak OD matrices.
414
Traffic simulation modelling
415
Different simulation techniques can be used for network loading, all potentially suitable for WUI fire evacuations. 
428
In this regard, a comparison with fog, and adverse weather in general, could be useful. Adverse weather conditions
429
were found to greatly affect the capacity, the speed at capacity and the free flow speed (Rakha et al., 2007) .
430
However, the same evidence found for rain was not found for fog, which may have the closest resemblance to 
447
In case of WUI fires, network links can be divided into broken links, available links, and links partially 
453
Mesoscopic simulation. Since the mesoscopic approach includes both macroscopic (capacity, speed-density 454 relationships) and microscopic features (car-following, interactions); then it includes also both the advantages and 455 disadvantages of the two approaches for WUI fire evacuation modelling. In fact, by explicitly considering capacity
456
and macroscopic traffic flow relationships, it can model the capacity drop in case of smoke for links partially 457 affected by fire; while by considering simplified behavioural models, it could limit the errors made in estimating the 458 microscopic parameters. However, given these advantages, the final result could be affected also by the uncertainties 459 of both approaches in determining the relevant factors for WUI fire evacuation.
460
The recommended level of granularity depends on the spatial and temporal scales considered in WUI fires (see 461 Figure 4 ). Macroscopic models are by definition not able to represent refined scales, given their level of resolution. 
472
BENCHMARK MODEL FEATURES AND COMPARISON WITH EXISTING MODELS
473
Based on the previous discussion on modelling approaches and features, Figure 5 presents 
